Background: Cross-sectional studies find an elevated prevalence of depression among subjects with diabetes mellitus (DM). The causal mechanisms and temporal sequence of this association have not been clearly delineated. This study investigated the prospective relationship between DM and depressive symptoms.
D EPRESSION IS A MAJOR
health problem in late life. 1 Although major depression affects only 1% to 2% of communitydwelling elderly people, 2 a high proportion of older persons (12%-20%) reports significant depressive symptoms. 3 Depressive disorders significantly decrease quality of life 4 and have important socioeconomic consequences. 2 Despite this heavy burden, depression is often underdiagnosed and undertreated. 5, 6 Understanding factors that promote depression is a major public health priority. 7 Diabetes mellitus (DM) is highly prevalent, and its prevalence is expected to increase, particularly among older adults. 8 Persons with DM are at increased risk of several poor health outcomes, including cardiovascular diseases, obesity, peripheral neuropathy, renal failure, and visual deficits. Several cross-sectional studies have found an elevated prevalence of depression among subjects with DM 7 that has been related to poor glycemic control, DMrelated complications, and obesity. [9] [10] [11] [12] [13] Furthermore, DM is associated with increased risk of physical disability 14, 15 and cognitive impairment, 16 both of which are associated in turn with depression. [17] [18] [19] [20] Presence of depressive symptoms among subjects with DM negatively affects life quality and treatment adherence and increases health care expenditure. Prospective studies of subjects with Author Affiliations are listed at the end of this article.
DM also suggest that the course of depression is often unfavorable, and persistent depression is common. 21, 22 However, the causal mechanisms and the temporal sequence of the DM-depression association have not been clearly delineated because no prospective studies have formally investigated DM as a risk factor for depression. Understanding the mechanisms underlying this relationship is essential from a clinical and public health perspective. The heavy burden of DM-related diseases and impairments makes DM among the most psychologically demanding illnesses. Moreover, neuroendocrine abnormalities associated with DM, including altered activity of the hypothalamic-pituitary-adrenocortical axis with higher levels of plasma cortisol, 23, 24 may be involved in the development of mood disorders. 25 For these reasons, we hypothesized that DM, in part through its associated burden, may increase the risk of depressive symptoms. Using data from the Health, Aging, and Body Composition (Health ABC) Study, 26 we investigated the prospective association between DM and the risk of depressive symptoms in a sample of well-functioning older persons and evaluated the extent to which DM-related diseases and impairments may mediate this relationship.
METHODS

SAMPLE
We performed a secondary analysis from the Health ABC study, a prospective cohort (n=3075) of community-dwelling adults, aged 70 to 79 years, living in areas surrounding the Pittsburgh, Pa, and Memphis, Tenn, clinical centers. Participants were recruited from a random sample of white and all-black Medicare-eligible adults, with oversampling of black participants to provide enough statistical power in each race. Eligibility criteria included (1) no difficulty walking 1/4 of a mile, climbing 10 steps, or performing basic activities of daily living; (2) no life-threatening illness; and (3) no plans to leave the area for 3 years. The present analyses are based on 2522 participants; 471 were excluded owing to ongoing depression treatment or report of depressive symptoms at baseline (among these, 22.1% had DM), 4 owing to DM onset in childhood (age Յ20 years), and 78 owing to missing data on depression treatment (n=15) and on glycosylated hemoglobin (HbA1c) levels (n=63). Forty-two (1.7%) were lost to follow-up. All participants gave informed consent. The institutional review boards at each study site approved all protocols.
DM AND RELATED COMORBIDITIES
Prevalent DM was defined as self-report of physician diagnosis or hypoglycemic medication use (known DM). Among undiagnosed participants with DM, DM was defined by a fasting plasma glucose level of 126 mg/dL or higher (Ն7.0 mmol/L) or after a 75-g oral glucose tolerance test. 27 Poor glycemic control was defined as an HbA1c level of 7% or higher 27 (uncontrolled DM). An ordinal variable for DM control was created as follows: 1, no DM; 2, controlled DM (HbA1c level Ͻ7%); and 3, uncontrolled DM (HbA1c level Ն7%). Duration of DM was determined by an interviewer-administered questionnaire. Current use of hypoglycemic medication (oral hypoglycemic agents and insulin) was determined from drug data coded using the Iowa Drug Information System ingredient codes. 28 The ankle-brachial index was calculated as the systolic blood pressure (SBP) of the ankle divided by the SBP of the arm. The ankle-brachial index was used as an indicator of atherosclerosis severity. 29 Prevalence of chronic conditions (coronary heart disease, cerebrovascular disease, heart failure, hypertension, kidney disease, or retinal disease) was determined through disease algorithms using self-reported, physician-diagnosed disease information, clinic data, and medication use mirroring adjudicated diagnoses in the Cardiovascular Health Study. 30 Renal function was assessed by means of cystatin C, a novel and accurate marker of renal function in the elderly population. 31 Inflammatory status was assessed by interleukin 6 levels (enzyme-linked immunosorbent assay kit from R&D Systems, Minneapolis, Minn). Lower extremity performance was evaluated using 6-m gait speed. Cognitive function was assessed using the Modified Mini-Mental State Examination, 32 with cognitive impairment defined as a score lower than 80.
33
DEPRESSION ASCERTAINMENT
Baseline prevalent depression was defined by self-report of depression and/or use of antidepressant drugs. Use of an antidepressant medication was considered present when the Iowa Drug Information System code indicated an antidepressant drug, and the reason for use indicated depression or mood disorder. Depressed mood at baseline was evaluated by means of the standard Center for Epidemiologic Studies Depression Scale (CES-D), 34 and by the CESD-10, 35 a 10-item subset of the standard CES-D. The measurement properties of the CESD-10 have shown satisfactory test-retest correlations and good predictive accuracy compared with the standard 20-item version of the CES-D. 35 Baseline prevalence of significant depressive symptoms was defined by a score above 16 on the standard CES-D or by a score above 10 on the CESD-10.
Incidence of treated depression was defined as current use of antidepressant drugs assessed at the annual clinic visits at study years 2, 3, 5, and 6 in participants with no history of depression and no prior use of antidepressants. Significant depressive symptoms during follow-up were measured at study years 3, 4, 5, and 6 by means of the CESD-10. Incidence of clinically relevant depressive symptoms was identified by a score of 10 or higher 35 in participants without significant depressive symptoms at the previous follow-up visit. A first study outcome was the combined incidence of treated depression or significant depressive symptoms, globally defined as incident depressed mood. To identify the incidence of more severe depressive symptoms, a second study outcome of recurrent depressed mood, defined as the presence of treated depression or significant depressive symptoms at 2 consecutive annual clinic visits, was also considered.
OTHER COVARIATES
The following characteristics were considered as covariates: age, sex, race, study site, level of education, marital status, and smoking habits. Information on alcohol consumption was assessed by means of a standardized questionnaire 26, 36 ; alcohol intake was categorized as follows: formerly; never or currently less than 1 drink per week; currently 1 to 7 drinks per week; and currently more than 7 drinks per week. Physical activity performed during the last week was assessed. Data on time spent on climbing stairs, walking for exercise or other purposes, aerobics, weight or circuit training, and high-and/or moderateintensity exercise activities were obtained as well as information on the intensity level. A metabolic equivalent value was assigned to each activity/intensity combination. 37 The scores of performed activities were summed and multiplied by body weight to create an overall physical activity score in kilocalories per week. Participants were categorized as physically inactive if they expended less than 200 kcal/week.
STATISTICAL ANALYSIS
Sample characteristics were compared according to DM status and by DM glycemic control categories using the 2 test for proportions and the analysis of variance for continuous variables. Regression analysis was used to estimate the P values for trend across DM control categories. Age-, sex-, race-, and study site-adjusted cumulative incidences were computed from logistic regression analyses using the following equation: P=adjusted odds/(1ϩad-justed odds). 39 Discrete time-survival analysis with logistic regression was used to estimate the association between DM and the likelihood of incident depressed mood and recurrent depressed mood during the study. This method uses logistic regression to determine the odds ratios (ORs) of incident depressed mood for participants who had not previously experienced depressive events during the study. For the statistical analysis, each participant contributed data up to the time point at which he or she first reported the outcome, died, or was lost to follow-up and was thereafter censored. 40 Thus, each participant potentially contributed an observation for each 1-year follow-up interval (for a maximum of 5 for participants who completed the study without depression). Variables to be included in the models were selected on the basis of their association with DM and with the study outcome at an ␣ level of .10. To investigate the effects of DM-related comorbidities, 4 different models were built: (1) adjusted for demographic characteristics (age, sex, race, study site, and baseline CES-D score); (2) adjusted for sociodemographic and lifestyle variables (age, sex, race, study site, baseline CES-D score, smoking habits, alcohol intake, education, and physical activity); (3) adjusted for demographic variables and DM-related comorbidities and impairments (age, sex, race, study site, baseline CES-D score, hypertension, cerebrovascular disease, ankle-brachial index, obesity, 6-m walk time, and cognitive impairment); and (4) fully adjusted. Finally, to identify independent predictors of recurrent depressed mood among participants with DM, factors associated with risk of depressed mood were identified in age-, sex-, and race-adjusted analyses. All factors associated with the outcome at an ␣ level of .10 were then included in a multivariate logistic regression model.
RESULTS
A total of 23.4% of participants had DM, of whom nearly 65% had poor glycemic control. The mean duration of disease among participants with known DM was 12.8 years. About 35% of the subjects with DM were newly diagnosed as having DM at baseline ( Table 1) . Participants with DM had a higher prevalence of cardiovascular diseases, obesity, and cognitive impairment and slower gait speed. A significant trend across DM control categories was observed for all of these conditions ( Table 2) .
During a mean follow-up time of 5.9 years, 77 participants (3.1%) had incident treated depression; 472 (18.7%) experienced significant depressive symptoms; 517 (20.5%) had 1 episode of incident depressed mood (treated depression or significant depressive symptoms); and 141 (5.6%) had an episode of recurrent depressed mood. The age-, sex-, race-, and study siteadjusted cumulative incidences of these events were significantly higher among participants with DM, and there was a graded relationship between DM control and the risk of depression, with subjects having uncontrolled DM at the highest risk (PϽ.05) (Figure 1) . ‡Obesity defined as body mass index (calculated as weight in kilograms divided by height in meters squared) of 30 or higher.
§P value from log-transformed data.
morbidities, obesity and gait speed had the greatest impact on the DM-depression association. The clinical conditions that remained independently associated with risk of incident depressed mood were cognitive impairment (OR, 1.71; 95% CI:1.29-2.27), gait speed (OR, 0.59; 95% CI, 0.38-0.93), and obesity (OR, 1.30; 95% CI, 1.05-1.60). When the analyses were performed using DM control categories as the main predictor, increased risk of depressed mood was limited to participants with uncontrolled DM (OR, 1.39; 95% CI, 1.09-1.76). However, adjustment for DM-related comorbidities substantially attenuated the strength of this relationship (OR, 1.23; 95% CI, 0.96-1.58). A stronger relationship was observed among DM and the risk of recurrent depressed mood ( Table 4 ). In the analysis adjusted for demographic characteristics, DM was associated with a 2-fold increased risk of recurrent depressed mood that was only modestly attenuated after adjustment for DM-related comorbidities and full adjustment (OR, 1.91; 95% CI, 1.32-2.76). Further adjustment for incident cardiovascular and cerebrovascular diseases during the follow-up did not affect the results (OR, 1.86; 95% CI, 1.28-2.70). The increased risk of recurrent depressed mood was mainly observed among participants with uncontrolled DM. These results were not affected after further inclusion of DM duration in the fully adjusted model.
To address the potential issue of a surveillance bias, analyses were also performed considering as outcomes the incidence of significant depressive symptoms and significant depressive symptoms at 2 consecutive annual clinic visits, without considering the treatment data. Results from these analyses were consistent with the previous results; in particular, DM was still associated with a significantly increased risk of recurrent depressive symptoms (OR, 1.76; 95% CI, 1.18-2.64) mainly observed among participants with uncontrolled DM (OR, 1.99; 95% CI, 1.26-3.15).
To further investigate the effect of DM control, we further categorized participants with uncontrolled DM into 2 categories according their median HbA1c values (cutoff, 8.1%). The risk of recurrent depressed mood significantly increased across DM control categories (Figure 2) (PϽ.001 for trend), and participants with HbA1c levels higher than 8.1% had the highest risk of developing recurrent depressed mood (OR, 2.63; 95% CI, 1.54-4.50).
Finally, in the analysis limited to participants with DM (Table 5) , HbA1c level was directly and independently associated with increasing risk of depressed mood. Duration of DM (Table 5 ) and DM treatment did not have any effect on the risk of recurrent depressed mood. No significant interactions of DM with sex and race were observed (PϾ.10 for interaction terms).
COMMENT
Results from this study demonstrate that among a cohort of well-functioning older adults, DM is associated with increased risk of depressed mood over a mean follow-up time of about 6 years. In particular, older adults with DM had an almost 2-fold increased risk of developing recurrent depressed mood. The increased risk of depressed mood was mainly observed among participants with DM and poor glycemic control, and HbA1c was an independent predictor of recurrent depressed mood among subjects with DM. An association between DM and depression has been consistently reported in the literature, 7 and recent longitudinal studies suggest that depression may be a risk factor for DM. 41 However, the causal direction and the underlying mechanisms are not completely understood. In fact, understanding of the causal direction of this relationship is complicated by several factors that are associated with each of these conditions, and most of the previous studies 7 have been cross-sectional and do not allow conclusions regarding cause-effect relationships. In addition, it is not clear whether DM is independently associated with depression or if this relationship is mediated by sociodemographic factors and DM-related comorbidities. The lack of simultaneous adjustment for these factors is a limitation of most of the previous studies. Diabetes mellitus also has important adverse consequences on physical 14, 15 and cognitive function 16 that might further account for the DM-depression relationship, [17] [18] [19] [20] and to our knowledge, these impairments have never been considered in previous studies.
Findings from the present study may provide new insights into the mechanisms underlying the relation- ship between DM and depression in older adults. To our knowledge, this is the first study to investigate the prospective relationship between DM and incidence of depressed mood. The increased risk of depressed mood was mainly observed among subjects with poor glycemic control, and no single DM-related comorbidity per se explained this association. These observations suggest that the relationship between DM and depressive symptoms may be in part explained by the global burden of comorbidities and impairments associated with DM. However, when we considered the more specific outcome of recurrent depressed mood, which is likely to indicate a more severe mood disorder, DM was associated with a significantly increased risk that was only modestly affected by DM-related diseases and impairments. Of note, among participants with DM, HbA1c level was an independent predictor of recurrent depressed mood. Since glycemic control is a strong predictor of development and progression of DM complications, 42 this finding may support the role of DMrelated comorbidity in explaining the DM-depression relationship.
Obesity and lower-extremity performance were the conditions that contributed the most toward explaining the studied relationship. Recent studies suggest that obesity, through psychological, sociological, and biological factors, may predict the onset of depression. 11, 12 Our findings seem to confirm this observation because in the present study, obesity not only explained in part the studied association but also was an independent predictor of both depressed mood and recurrent depressed mood. Diabetes mellitus has been shown to be associated with lowerextremity performance, 14, 15 which is a strong predictor of poor health outcomes in older persons, 43, 44 including depression. 18 From this point of view, our results confirm the important role of physical function in determining poor health-related outcomes in older adults.
Our findings have important clinical and public health implications. Diabetes mellitus is among the most psychologically and behaviorally demanding chronic illnesses, 45 and patients with DM play a major role in their own disease management. Presence of depressive symptoms reduces quality of life 46 and has been associated with poorer treatment adherence and self-care regimens such ; DM, diabetes mellitus; HbA1c, glycosylated hemoglobin; IL-6, interleukin 6. *Unless otherwise indicated, data are reported as odds ratio (95% confidence interval).
†Adjusted for the following demographic characteristics: age, sex, race, study site, and baseline CES-D score. ‡Adjusted for the following demographic and lifestyle characteristics: age, sex, race, study site, baseline CES-D score, education level, smoking habits, alcohol intake, and physical activity level.
§Adjusted for the following demographic characteristics, DM complications and associated clinical conditions: age, sex, race, study site, baseline CES-D score, hypertension, cerebrovascular disease, ankle-brachial index, obesity, cystatin-C levels, IL-6 levels, 6-m walking speed, and cognitive impairment.
Adjusted for age, sex, race, study site, baseline CES-D score, education level, smoking habits, alcohol intake, physical activity level, hypertension, cerebrovascular disease, ankle-brachial index, obesity, cystatin-C levels, IL-6 levels, 6-m walking speed, and cognitive impairment. ; DM, diabetes mellitus; HbA1c, glycosylated hemoglobin; IL-6, interleukin 6. *Unless otherwise indicated, data are reported as odds ratio (95% confidence interval).
§Adjusted for the following demographic characteristics, DM complications, and associated clinical conditions: age, sex, race, study site, baseline CES-D score, hypertension, cerebrovascular disease, ankle-brachial index, obesity, cystatin-C levels, IL-6 levels, 6-m walking speed, and cognitive impairment.
Adjusted for age, sex, race, study site, baseline CES-D score, education level, smoking habits, alcohol intake, physical activity level, hypertension, cerebrovascular disease, ankle-brachial index, obesity, cystatin-C levels, IL-6 levels, 6-m walking speed, and cognitive impairment.
as diet, exercise, and quitting smoking, [47] [48] [49] [50] which are key components of DM management. This may lead to increasing complications and severity of the disease, which in turn may further aggravate depressive symptoms, leading to a downward spiral in the patient's health status. This also results in adverse effects on public health because the worsening of medical outcomes and the increased use of health care resources associated with depressed mood lead to higher health care costs. 2, 51, 52 Some limitations of the present study should be considered. Subjects may have had episodes of depressive symptoms between the clinic visits that were also resolved during that period. In fact, the CES-D assesses the presence of depressed mood only in the past week and so does not capture subjects who may have had an episode of depressed mood of brief duration. Data on depressive episodes prior to study entry were not available; this may limit the possibility to fully elucidate the temporal relationship of DM and onset of depression. Information on the use of nonpharmacologic depression treatment was not available. We do not have information on change over time and on severity of DM complications. Although the analysis considered a numberofpotentialconfounders,residualconfoundingeffect cannot be completely ruled out, since total independence from confounders cannot be established in observational studies. Finally, the narrow age range of the study inclusion criteria may limit the generalizability of the results.
In conclusion, among this cohort of well-functioning older adults, DM was associated with an increased risk of depressive symptoms. As the life expectancy of older Americans increases, DM is becoming a disease of older adults.
Increasing evidence underlines the importance of geriatric outcomes such as physical disability, 14, 15 cognitive impairment, 16 falls, 53 and fractures 54 as DM complications. Depression is among these key geriatric outcomes that strongly impact health-related quality of life of older adults but that are often underdiagnosed and undertreated. From this point of view, our results underline the importance of a clinical approach to the patient with DM that includes an appropriate screening for early detection and treatment of depressive symptoms. Figure 2 . Odds ratios and 95% confidence intervals (CIs) adjusted for age, sex, race, study site, baseline Center for Epidemiologic Studies Depression Scale score, 34 education level, smoking habits, alcohol intake, physical activity level, hypertension, prevalent cerebrovascular disease, ankle-brachial index, obesity, cystatin-C level, interleukin 6 level, 6-m walking speed, cognitive impairment, incident cardiovascular diseases, and incident cerebrovascular disease for recurrent depressed mood (treated depression or significant depressive symptoms at 2 consecutive annual clinic visits). Included are participants with controlled diabetes mellitus (DM) (glycosylated hemoglobin [HbA1c] levels Ͻ7%), uncontrolled DM but HbA1c levels of 8.1% or lower, and uncontrolled DM with HbA1c levels higher than 8.1%. EV indicates the number of events in each DM category; N, total number of subjects for each DM category. ; CI, confidence interval; DM, diabetes mellitus; HbA1c, glycosylated hemoglobin; OR, odds ratio.
*All characteristics as reported in Table 1 were tested in age-, sex-, and race-adjusted analyses. All characteristics associated with risk of recurrent depressed mood at an ␣ level of .10 and DM duration were included in the final model presented here in Table 5 .
†One-hundred forty-one events.
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